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(57) Abstract: The invention provides a laser beam machining 
method characterized by comprising the steps of mounting a 
protective tape (25) on the surface (3) of a wafer (la), radiating 
laser light (L) by using the back (21) of a wafer (la) as a laser light 
incidence plane with an optical converging point (P) positioned in 
a substrate (15) to thereby form a melt processing region (13) for 
melt processing by multiphoton absorption, forming, by means of 
the melt processing region (13), a cutting start region (8) on the side 
within a predetermined distance from the laser light incidence plane 
along a predetermined cutting line (5) on the wafer (la), mounting 
an expand tape (23) on the back (21) of the wafer (la), and stretching 
the expand tape (23) to thereby separate a plurality of chip-like 
portions (24) from each other that are formed by the wafer (la) being 
cut with the cutting start region (8) used as the starting point. 
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5 **SHf 

[0 0 0 2] 3£^ % ^^V^^ t LTA 1 2O3 S&LhKlG a N^<D^# 

lo [0003] r^b©J»Ji»^^Wi-5apx*i-^o§iWftJ:r4s -fx*— 

[0004] ^ww^y^t^ ^n^FVwFfiaMDi 

[0 0 0 5] L^bJfc^t, N T'V-K^Vy^taotll Mx.l^s 1JUJL 

[0006] ^t^K^^'f^&oxii, Jnxatfcl&asA 1 

± & & u t> © -c fc s s JtaxfcHfefe (Dmmtd ft < ft® 
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[0 0 0 7] -t^Tf % *38W»n 5fc*ttf JcM*"C*$*tfct>OT?*>5^ 

5 [0 0 0 8] — iFJPX^rfett^ £ 

iOI^ST'feoT, ^X^^^WM^M^^^-Y^A^^b, APX 

i&mto<Dmm*^— ?%*Mmt vxmm<Dftmz.mytM.&&fr j &xu~-y i yt& 
io *nx*r^o§]»rf'^7'i'^^o-cv'— if3feA#tmd^Ff^iirtii!i^»f^ 

7 ^ ^ a Sr # 55 $ * 5 r. t K <fc «9 51 V n ftm-t 5 X® Sr« x. 5 r. £ £ t i" 5 0 
[0 0 0 9] £fc> #38WK:«3 v—tfJUX^tfctt:, ^^StSi. ^WfrS 

20 J0j*U Jnx^4fe©*ffi^#3Stt0 7>f^A«r^u $0WnB£***r]B*fc 

[ooio] mb©^ if^nx^^ j:ix«c, mn^momm^my ^ 
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inx2f*fctc«fc*u£, ^pxM^^ffi^^^e^^^i - ^^^^^^^^^ 

[ooiu m?. mwL±<Dmmtotn^ mm^mm^mM^fit^^ m 
[0012] *fc> ifjpx^-fefi. sistx s«Ji^K^e> 

^ttSSP^ *^tp¥«^©iPX*f*%Sr-9JBrt-5 w-lfAPX^-efcoT. Jn 
X^te<a«SSMBI©*®fc:#&7 W A'A U *DX*tStfe©SE® £: tf 



3 



WO 2004/082006 



PCT/JP2003/011626 



5 [0 0 13] *385Hc«5V— !f»lX3Wfef±. K&i:, Sfc-h^ttfe 

x*Mfe«j©«a«fi5fid©*ffifcissi7 -f a^a %mm u mn^mcomm * ^—r 

15 [00 14] 1fflnX:£fefc:«fc*U*, X^LfcV— if^JPX^ilB] 

. Jpx^4&^sa^©M«^s^wi-5^i^^^:fev^T l ^>^aox*|■ 

20 [0015] v-ifjqx^-fef*, 3&K£ N aEfcLLteKrt b 

^fcifijigp^ Sr^tp3pteJK®iPX*Nfe«)Sr^os5fi-5 w^nx;fr?±refco-c. in 
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[0016] tnt s &wmm% w-if^nx^^. ^^stet. 

m ? << ^ k. » o r i/-f^AMB ^ & ^bek t*i lay mso »f 3B^« «r 

[0017] m?>©^ ^ipx^-fe^itutf. jiiBLfcw- ripx^jsfetra 
15 fcteJ:*). Jpx^4feo^Wfi^lS^fc§l3SJ^^A s PPiB*HS©-es Mun^m 

[0018] £fc N J:3£Lfc;$3893fc:fl%5 iftaX^iktc^-crau *DXSt 

[0019] £fc N ±afcLfc.#38Wfc:#3 i — IfJPX^&Ki^Tfi. #3W± 
25 r. *uj: ioTv &Bh&jftMcd*?gj£ £ frfcjtaX^fe&Bitf: $ 5 r <h fc < ««f 
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m<DWk<onfr%: / M^K.ik, -f^A tarns uv\ rtu- 

m 2 01 ^^-t^jpxm^o ii-ii ^('f^ofciffps^T^s 0 

m 3 1± % if.m$mmz.&%> ^fsni^ias i?flnx&<E>jnx*i-fc4& 

10 @4^s ig3^-t-Jpx^#>^iv-rv^^^^/c»f®0-efcSo 

0 5 0 3 ^^-TJnxM^^l^ V-VJ»iJ:f&o/E:»fffi0T?*)«o 

0 6 #|i«2tte^S ifAnX^l- J; D^DBf ^HfcflnXfcNfeflfc© 3 ! 2 

15 y F©^^C»^7 7t&5„ 

m 8 -r±s *HJ6^tlSfc^5 1 — ifinx^-fe^M i xgfcfcttsanxart&te© 

0 9 te, *S6EJt^*lt«5 If^PX^ife^ 2XStc*5^5ABXSt*4fe© 
20 Bioii, *3ftlfi^tt»c«« ifJpx^-feo»3xm^*3»tS*nx*|-*4fc 

01 ite, ^mt^^s ifipx*-feo|g4xm^*3»tsJnx*r*4& 
01 2 W\ #£ffiEM6te:«« i — ifimX^lzi.J: 0^0®f$^fc^y a^** 
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0 1 4 fl *mW&Wfc& t 5 if Jnx»«©SB**^BlTf fcS- 
i-£$i0-efc5o 

5 01 6fl mi 5^^tLfc^^^^¥ffi0"efeS o 

@i7ii 01 6}^$nfc^^/N(?5 vi-vi iw&tf vn-vn m^TF-f- 

B2 0A-2 0CI1 fgiH«l--££5 wifAnx^^^i-Sfcit)^^^ 
^<£>$f®0-e£>;5 o 

I2 1A-2 1CI1 ^l^j^ii^six-ifjnx^^^-rs^fe^^ai 
15 ^<Di#fffi0~e;fc5 o 

12 211 f§ ^mtt&%mm-j-%frib<D'} =^^<Dmffi 

0-efc^o 

0 2 3fl ^l^^Jt-#5 1fiPX^r?fe0.3E^S:KW-r5fc«)©Wfffi 

0-efo5„ 

20 02 411 ^IW^^S V— riPX^fe©*2^1(S^JSrttW"r«fc«)© 

0 2 5 A- 2 5C H IB 2 1116^^5 U~»X*-feSr«W"t-57h«)0!>cc 

0 2 6 A- 2 6C H »2^tlfe«fc«5^— ^jbDX^ifeSrRWi-Sfc*©^ * 
25 /N©l|Jf®0-C-fe^ o 

02 7(1, jB2 3feJ60afc«-5i'— ifAnX^fe*rRW-t-Sfcft©^*^WWfB 
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[00203 &lt. mffitmz*mm<D&&temmj&nfc<>^xmmz.mm-t 

[0 0 2 1] tt^OSftJUC©^^ K^y^Eo J; 5 fc^ox^^-hv *s 
/h^V^^ttfcSW^ftSo iot, #W:!RJfc3 s £CS&#f±hv> Eg T? 
fcS. 3te*£Wtag?HT?t>. is—¥yt(D*jkm&$FnK-X% <-?Z>b n hv 

>EgO*# (n=2, 3, 4, - • •) KlR 3* £ C5 D r.<05Ufe«r# 

(W/cm2) T?8t* 9. ^X.tf^^!7^Wlxl 08 (W/ 
cm2) £Jl±:©^#t?#^KltZdS^C5. t°-^^°y-^fi N (*3fc^CH:*5 

— T3fc©*3l5jS©«*»* (W/cm«) T?«:*«„ 
[0022] ^coJ;5 ^#^^JtK^fUffii-5^W^{-#S V— If AOXO 

jmsi-ov^Ts 0i~0 6^#ltt^t5„ HI i ttv— i^px^Anx*^ 
to 1 ©*Fffien?& 5 N HI 2 f±HI 1 lJ:?j*-*-JBXafr*to l <D II-II JftfcJBo fc^fgff 
®3fiv— if^x^<Diqx*t*^i<D5pMHIt?&D^ HI 4 (2HI 3 ICtf 
■f-flDXat&to 1 CD IV-IV m^ofcllfSHlT'fc 9 s HI 5 itM 3 ('TFi-^PX^ 

wi<d v-vm^G^tcmmm-vh me nmwt £ frfcjnxjist&to 1 ©^shi 
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[00 2 4] I 1f3fcLS:§I»f^7<^5Kl»or ^EPA^fafc: 

®iR£3S££^T&S(M^7 tr^UTV^ 0 ±ct, JpiM*ftlOiBl 0 7 
tew- 1f5feL2ns£^£fM£HftV^T% Jpx^Hfefe 1 Offi 1 0^»it5i 
20 tf±J&V\, 

[0 0 2 5] 1 ©ItOBrKiasVTs §i»fi-51BiBff^3B^^fc« iiHX 

1 j±-€r©ia^j6» bfj^s (dx\ m 6 ^-r«t 5 ^itm&o^ $ ^^7-einx*f 
*%isr§]»fi-«^t^t?#5 o icx, mun^m 10110 ^ wgftSHx 

25 [0026] §t % ^HJfi^lfimiav^T^^RiR^ J; 9^$n59fe««« 
tuttt, (1) ~ (3) asfcs. 
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(1) &Rffl$&l<>JLnfflk<D?7y?&&tS?7y*ffl&<0&'£- 

(^Ix.«!t77>f7s $7*s tfcttL i T a Os ^bftSEttft) ©ft 
n\^m%M.^^ J ±X s *3te^*5»t5**»«^lxl 0» (W/cm«) J!^_h 

5 D «#3ftftO±RBffi:^ LTfc ^tflxlO" (W/cm2) T?fc5„ 
iff {i0!lXLfi£ lns~200ns ftBS. LV\ 

[0 0 2 7] #3S93#Wu «*3SUtfc^7y^©^#*i©B8««rSeWi:ii!) 

(A) S«:/^V^^^ (SftM) #7* (J?$ 7 0 0nm) 

(B) if 

Stejg : fliN d : YAGWf 

: 1 O 6 4 n m 
l hWrSffll : 3. 14xlO-8cm2 

*t»iSb««E» : 1 0 0 kHz 
^/l^fjl :30ns 
^:ffl^<lmj /V-^* 
V—1f3t.&fC : TEMoo 

(c) i*i^yx 

(D) 3&K«S«K$tl/5«tB^©^»J6flE : 1 0 Omm/f 
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[0 0 2 8] fc*$ N V-if3t.SiK^TEMoo tit, MfttefrMK w 1?3fe©i6 
[0 0 2 9] H7tt±E3feft©|§*S:^i-^9 7T?«>*. flHttttbT— *'<!7 — 

x (c) <z>{£^ioofg N Mot (na) rise 8 0ol^T'fc§ o — 2r N y 

10 774>©e^t^t7 f -^iii)tffl^>^ (C) O^7^5 0f£. iPt (N 

A) ^o. 5 5 0*^&5. h^^/-?!7-M5i 0" (W/cm 2 ) gg^^ 

[00 3 0] *Hft^lC:fi;s i — iFflUXfcfcl^-C, * 7 y*W&&& 

@ s fc^-r «fc 5 ^ ^^-sftiDtasfe d5^#t?aiix^#i i (DftmzMft&p & 

=7 9 * 7 vtmM 9 141 ojttlf©^ 7 Sr-g-trtRl* 

mi o^-r«t 5i-^7 5/^^tix^^i<DM®^pj^u N in 

[0 0 3 1] ( 2 ) 

^[^Ct5l#^^ lxios (w/ c m 2 ) £JUhT?J.o/'Vl';*«j&s 1 p. s &T<D 
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Sti^y 3^»5S-T?ab5 0 «JHM£©_blM:£ UTfi, «itfixio» (w/c 

m2) T*fc5o ^^#Stt^*.tf 1 ns~200ns LV\ 
[0 0 3 2] :*3693#tes n y r> x a© rt$PT^it^lit^^ $ ^5 

(A) &m : =^l>3i^> (J¥£ 3 5 Onm s ^S4^fyf) 

(B) V— If 

stag : ^aifls^— ifia^N d : yag r 

2£:S: : 1 0 6 4 n m 

I'— If^atfs' f»rB58f : 3. 14xl0-8cm2 

»t>3gUSS&Sc : 100kHz 
:30ns 
: 2 0]i J//</V.X 
V" — Jf^ppSt : TEMoo 

C) *3teffl^>-X 

: 5 OffiF 
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N. A. : 0. 5 5 

(D) SK^f f $ f I^O^SM : 1 0 0mm/g» 

[0 0 3 3] 01 2fi, ±IB*#T?©^— ifflflX^=fc 0eiBr**tfc^5 

^1 3©J¥$*|n]0^#$(4l 0 OpmgtT'fcS. 

[oo34] 1 3 tf&ft^mmzz. *> jfm^nti^t zmmirz. 

rt^<^>^<D5gj§^^^bTV^ 0 = ^S^<DJ?$ t *S 5 Opm, 1 0 Opm, 

2 0 0pm, 5 O Opm, 10 0 OpmOl-* (COV^X JifBK^^^ 

[0 0 3 5] Nd : YAG^f©lSfT-fc5 1.0 6 4nm^fcV^ 

a* 8 o r t #5^5. 2^^-Tv/y 1 <DJ¥£fi 

3 5 Opm^©T% ^3fc-?»«tfcJ:5*ik«!!a«*l 3^^V 1 <D 
^-MMtSt, ->y ai^a^l lOtl^fel 7 5pm©gP5H^fi£ 

nO^-^^Sii^tt. )f $ 2 0 OpmO^U 3yi)x^t##^t5fc, 
9 0%^JL^<DT\ \<"— if**Si^y 3^>>3:/n 1 iortffi-eKiR§n5©ttfild* 

if3te»cj:5a#©*f»-T?^*a!a««as^) £nfct><z>-T?fift<, 
[oo3 6] 3&fc % ^y a^^f** »«^«*-ct>orjej«$*LS«]iir 
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[0037] ( 3 ) &KW&&miJrmfcW*<o&& 

lx 1 0 8 (W/ c m 2 ) ^±t?B.O^^#gd5 ins ^Ttf^^X? V"- if ft&M 

[0 0 3 8] J^_h. #3t^KJR^i t>3^riJ*ti/«i3feK*«i: tt (1) ~ 

[0039] v^y ^^t^HcD^^-Y^^^mmcD^^mm^ 

/^i^©i-^it (ill) ® (iifis) ^ (no) s (m2mmm) 
\zfe^ttmz®mi&£M^*KZ&ir%(D-ftmt. uv\ £fc s g a a s tzzcom 
&mmm.ffim<D m-v k^^^^ e ^ ssios^it, (no) mz 
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2 o 3 ) t£t*(7)ttMi^<DffiMiMm%^irz>mm<Dm'frte, coo on m (c 
m) (1120) m (a®) ^:v^fi (1100) m (mm) ic&o 

[0 0 4 0] UT^I^f^R^^^>^^^i^01^^-r5#-a*^ Jti&b 

[004 1] #;^s iiBUfci — ifjDRX^*fcfc:&JS£*t5 if^px^g^o 
014 ?:#iLT^t5 0 HI 1 4 V— t^PXglB 10 0 ^mB&«fife0 

[0042] u-ifApx^« i o o t± N if^fc l tr^-r 5 if l o 

i-« 1^— if ateawwwas 1 02 b. ff3feL©KW«fiB*^ru^ov— if^feL^ 

5i: s i^V^Xl 0 5-C*^:$*Lfcl — if7fcL^^$^5APX^feldS 
Se^ttS^tt^i 0 7 h $cg-£i o 7&xtt#iRjfc:^»£*5/£J?>©xte* 

©Yjft;*^ — lit, 0 7^X$4^Y^[R]^ii:^i-5Z$*^riR] 

}^i$-&5fcft©Z|il|7.7-^l 1 3i:> Z-thib 3o«^f-^ 10 9, 11 
1, 11 3 £1^^5*7^ vWPg&l 1 5 tSrixiS, 

[0 0 4 3] ^©ft)fe^POX (Y) W^faO^ttB:. aPXfcMfelfc 1 &X 

(y) Hi7f^io9 (111) i^i^x (y) i^^i^tsrtia 
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[0 0 4 43 IfatSR 101 tt^/l'* l/-f)fe^4t§N d : YAG 

5 if-r?foS D lf3t«i o l jc^v^5r.^as-t?*« 9*4: tt, roftii, n 

d : YV0 4 Nd : YLF t if 7 T 1f &h 5„ * 

[0 0 4 5] U— 9 s JpX^fli 1 0 0 {4 $ b l-s ^fi-p 107 fc^B $ *Lfc JRX 

10 1 srwm^fen^ J: 0 Mw^ztz&^mftm&mtkirzummftm 117 

*^uyXi 0 5 ioFll^V^n^ 5/^5 7—1 0 3/55fa«£tvcv^„ t* 

[0 0 4 6] 1ffllXjBE«l 0 Ofi£ bUl. lf-^y<^119, *v 

20 ^ d ^ 5 7—1 0 3RtJl3l6fflV^l 0 5 fcR £3tett±fcE*3*bfc*te 
Sf^l 2 2 3 SHfeSS-?- 1 2 1 t LT J±#JxJ:fC C 

0 5, ^V^a-r 59—1 0 3 N If— Ax^y 1 1 
9Sr5giiU 2 3T?ftjtSfiTjR«*f 1 2 ltlf^tis SHfeT* 

25 

[0 0 4 7] IfflPXgm 1 0 0tt££>^ »*T-1 2 l^ibffi^^Xfc 
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2 5«u awfe?**- # ■&m^xmMf% : %Mi 1 7x^^ufc-5rm7to^^^px 
^u%<DM&timj-%mfai 1 0^? o\z.-rz> 0 iot, Sf^x-^^ 

*-^l2 9i^bfi5„ ifr^J;^ 1 2 9&cfc*M^^7K£;fr5 0 

[0048] 127 »cf4 N iSMfflU 115 ^&Ot-^, *S 

v-if7fc^jTOi o 2, 1 7^^x-^$ij«i i s&mm-r 

5iiH±!3, I — ifAPX^fil 0 0^:#:^r$iJ^li-S o «fc oT s £#*J$P*B 1 2 

[0049] m^s -his ufc ifipx^K ioo *m^t^ *mmmmz.& 

&^*5»-t5>!lPX^^-e$)5 !7^^1 a Sr^i-ftftHT?*)5. Sfcu @16(i, 
HI 1 5 \Cm^fhf^^^y^ 1 a <D1&mmXhZ>o *fc N HI 1 7 fi. HI 1 6 d^fr 

[0 0 5 0] il5~017lr#it5i:, !7^n l a ft. sptg^-efc 9 B&P3 
[0 0 5 1 ] ^fd, j^i^lafi, tyiyr^'>gy79y h (£AT TO 
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FJ t^o) 19^tLTV^„ *mWtmX*^ OF19f41«in§] 

[0 0 5 2] mi 7*^m-f%t, 9*^1 ate, W (S i) frb 

g|5 4f±, l&MEtt** (S i 0 2 ) ^b^SJiraTOJS 1 7 slRUI 7 b. 

(W) ^bft<5$gl<Dl3l§Uf 1 9 a &t>*fg 2 (DIBITS l 9 b£rWUTV^ 0 
Jf P^iiiUf 17a fiS^ 1 5 (Dig® 6 _h^fSJf £ HTfe <? . 3t® 6 i^^SV^ 

^fij^nx^^$Hfc^^^Ji^i<Dia^@i 9 atmmtsftx^Zo 
m i <D@H.ms i9a ZLumrn 1 5 t±. sra^^* 1 7 a ^mm-t^ z *> \-mn & 

0 a^z:J:oTSv^^3:||M^^^$^^■C^/^^ 0 Jfi?l3«Jf 1 7 b fi 

mm&mm 1 7 a xt/js 1 (dwmm 1 9 a jikhi ® $ tixi$ v . mmmmm 1 7 

b _LT-£>o 1 (DWMM 19a KlS^i" 5^1-31 2 19b i)^M £ 

^^-CV^^ 0 f| 2 (Dffi^S 19b l <DWMkM 1 9 a tt N JRIMftM l 7 b £r 

[oo53]- aihi&imi i7b ±t?*)o-c» 2 ©aanui i9b m±<DmmKh 

[0 0 5 4] (mi OUffiW) 

[0 0 5 5] HI 1 8 2W0 1 9 f± N U—¥l}\13LjJ®i(D$5 1 M 

tS^J^m^-r^/cfeco^a— ^ — b-C*>5. HI 2 0 —HI 2 2 (i N 

[0 0 5 6] 018 &mm-t 5 £ > tf, !)i^la <DiR® 3 4 ^ 

grrSfcaSx^K^ 5 ZmmirZ (SI, H12 0A) „ 
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[0 0 5 7] g^T, frcc/Nl a(Dmmi 5 OPW^ WWrf*J£? 4 ^ 5 fcfe 
<>XWmm.&mi&8%J&J$-fZ> (S3, [U2 0B) 0 ^r-C. HI 2 OB 

ttlSl 5 <£>ft£fl P — i^— rjtLSrfig^-i-Sn £&1 5 (£> 

[0 0 5 8] Eli 9 fis 01 4iz^^fhfci — if^oxi^ei o o*m 

7fe*5 % #IM£ll^*^-c. !>xai ate. v-if inx^g i o o (DmWiz 1 o 

[0 0 5 9] HI 1 4^0*111 1 9 Mt5t, £i\ Sf£ 1 5 <Dzft^.^^ 

i ^5i^-rs (s i o i) „ 

[0060] ^vnt. s=Ki5<Djfi$ N ^Lximtfxmm^m.vx , 

/n 1 a <Z>Z$ft^tR]^®J*^^i-5 (SI 0 3) 0 rfbfi. V^/^l a<DMffi 
a OK® 2 1 ^K-rS I-— 1f^L(DS3fc^P^£^i Lfc?^l a 
[0 0 6 1 ] ->x/n1 a SrWfjlDlgf 1 0 0©||^1 0 7fc:*=c'M a 
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x\ ?^i a©^®3imattf^i o 7tc«wuTt>ftre>raH3&v\ 

^Ut, tiffljfcll 1 7/5^Bl^Srli^$*T^ai^M a <DMM 2 1 SrflgW 
5 i"« (S 1 0 5) „ mWZfttlV^^l a (DMM2 1 SrHWfe*-?- 1 2 1 «fc 5 jft 

^i"5„ JWfe*-? 1 2 Ilcj;!?f||fe$nfe»lft7*-^f4«tti9*— 2 5 

117 ©-BT«3fc©«^ V ^ 1 a oltffi 2 l fctfctEi- 5 £ 5 ^ «r* 

Jt"f-3 (S 1 0 7) . 

10 [0 0 6 2] i. (DM&T*— * fiX'r^-iSfflWn 1 1 5 I^^tl5 0 ^^—^J 

1 5 14, ^^LTZlll^f- 1 1 3*Ztt^O^«l 

(si 0 9) „ «M?ffl^agi i 7©pm3teoi^!?x^i 

a (dmm 2 i tc-fie-rso &*5 N ft&mu 125 f^ii^x— ^ 

15 ffc"?*— *tt^ttW*«|51 2 7 ^U^=^ 1 2 9(ciHbn. itbieiJ:^^-^ 
[0 0 6 3] £&mWt$l 2 7 fctt^fc^s^S 1 0 3t?^:^^tLfc#S!]ft 

20 4fc*a*!>*^l atf)g®2 l^bFf^8gg(lrtfl!j^^5 j; 5^. Zi^T^l 1 

3 tej; 5 r>^^ l a SrZtt^iPjm^Sb^-erS (Sill) „ 
[0 0 6 4] W- T^fe^l 0 l^bW 1f3fcL£:3g£&i±-C, l — If 
3fcLSr!7=^l a(73lffi2 1iCiltt5o T3fc L (OM^tM P tt&K 1 5©f*3 

25 fyffijfcZtlZo ^UTs t"Dlfr^£7-f left 5 J: 5l-XHi7f^ v>l 0 

ifaxr—i?! 1 l«r«Hb**T»»«Hffi«ijEl 3 Srfe&^ffci-Sfl^ &3VM4EJ 
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V5^fp v 5»S£^8>grMU 5©rtl3S^fifei-5 (S 1 1 3) „ 
[0 0 6 5] fftfEl 8l:#It5i:s 1 a ©Jfffi 2 1 fc#35tt07 ^ 

/L-AXfoS^=¥*^>' Kv 1 — ^2 3 ^r^#i~5 (S5. 0 2OC) „ oc^^X>- 

[0 0 6 6] ggV^X. i^Bfrj&j£^8lC?&oX!7^^1 a Sr**©^!/^« 
10 #2 4fc:i50irri-5 (S7, HI 2 1 A) 0 -fftib'^ !?xAla©iI2 1(Cif 

^Hfc^^^^^KT 1 — 7*2 S^Ji^^^Ollf^^lS^S^fo^-C^^^^^v 5 
3 3£r^X. a Ultim^^WtS £. t D ^OlCri&ftfHtt 8 Srjg^ 

15 Hr£^5 tl^^F K\ JHflfftM 1 7 a&tJ?l 7 b hWWrtStlZo ^x^l at^ 

Jj&mn-rz^&t Ltd, t>f7x y ^3 3^t%{s|ttf/w^y^it, 

13 — 7— »«<Cif*SfcS 0 *fc, !) x/M a ©f ffi 3 ^IiS 2 1 
Lfcv^*^— tT!>x/> 1 a lc*tLX!RiDti4«:*ri-3 f*3te«:HSIti-5 - 
£ T?£J»fjBj&«# 8 fc LTM^4 c 5 J: 5 fciKtffitfj Sr3S^ $ ^rT^W b 

20 Xt>«fcV\ ^x^l a©^®3tg#^|lfc§ir^2 5©±^bt^ 

7x> 7 e?3 3^Sr^Xi:tttm7J^PPAnbT 1 b<tV\ 

[0 0 6 7] &V»X % a 3 t^^tbfc^gl^-^ 2 5 fcl&fl. 

i^VSrRSIt-r5 (S9, 0 2 IB) „ 2 5 [»lV^IItt5 r i 

25 1 a 3 d> G> fBJfflH" $ (Sll, HI 2 1 C) ) „ **5 N ^^^ — 7*2 

SCDfiJgffi^cc/Nl a &#J»H-3Xg (S7) OtCfiot t>ftv\ 
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[0 0 6 8] g^T\ a Srffl*(D9 L y^lfP^2 4^»i"5 (SI 

3, 0 2 2) -ffcfc>t>s rcSr^y-SV K^ — "7° 2 3 9 HI^O 

2 4 co-r tL^x^ \£y#Ty~? b H < & 
[0 0 6 9] .6*_Lt&E Ufc J: 5 t-. «*feMt-#S v-1f;lrai;fr?fe^:fc5V^te N 

!)x/n1 a 3 ^=1^—7° 2 5^ift5^it=fcot^ 1 a 

121 £r±&3: IT«1^ 10 7 ±tfft5 n £ 5 <DT:\ !)iAia ©S 

[0 0 7 0] ^LT, #3fcfSfcilX<!:V^m^fc:<fc D^$tt5Qfe«^T*^o 
!7^1 a *m®r-t'<%ffim<DW%rf'7£ : 7 J ^5\z:%i<>1t$}Wr&fom&8*: 

[0 0 7 1] i-3fe*?-bx *gKtt0!tC«« W IffllX^ifelCj:*^ a 

^3tLfcJ:5SIS*fP4 0««S:BS5Jt-t-5ii:*s-C#«. *fes X 
*R 1 5 \HMfcWWiJ&&Mm 8 Sr?gfifei-5 r. £ J: <9 % SJ0riB^S0$ 8 £ri&,£ L 
T^xai aSrtbt5E6«J/J>$*^J"ettft&<*loT§I»fbs 1TO£ftfc*^l a 

1 a d5iglJi»4Sr^-i-5«^^*3V^% ^=^1 a^MMtSi^^ 

[0072] ^fe N if anx^ifeic itttf, tjfejfeo^U'— K 

^■y^#t«P^2 4Pl±©|BIfiBSr/h$< U «t 5 2 4 «9 m 
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[0073] £fc, mmuA<Dm^um j ^u—^ i L(om%t0ki^^^^x 

fcTEG (Test Element Group) m<Dmmm^-A^m^i^X\^m^i>^^ 0 

imbnTV^V^M2 1 fl> b V— if % L .^BS.tt ttSI 1 5 (Df^^^lff^ 

[00 7 4] ^fc, ^IIMK^S if*PX^feT*«. ? 1 a 7 

15 ^1 a ^r^CD^5/^^2 4^■gDK)fUXV^5o iH(act, 

[0 0 7 5] £fc. #5l«!K-#5 I—" ifJPX^fe-C(i. ^^r^^^ K^-7° 
2 3 3r!7^^1 a^^L^l^ rir^7°25^tTV^5„ itU-io 

20 ^ri^<^t5rtm5 0 

[0076] m 2 3 ^—■^m-r.-^m^m^m^mm^-^ tz. 

IrJ^^cd^MS^ l 3 Sr^M-f-So ^iMMi^ 13^r©i5 (-?F^i- 
HI 1 9 i^^^fc^n— Y(D^"r-yr/S 1 1 1 (*}^^%Z$&Jj 
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[00 7 7] if-mW^W^ <fc 5 U—FtiattmntR 2 Hi£#!j£r7jKi- 

7P-ft>-hT*fc5„ *fd, El 2 5 ~H1 2 7 tt> *^Mj^!ft^t5 fc£)<£> £ 

x^ia©nfi5BiT?ife5. *mmMk±ftvtcmimmmt<Dmm&i*, en 

*«1 5*s»<«:SJ:5lcWftli-5^ (2) W7x r ^3 3.f^v^V 

— ^^&fr*>ftV'»jSU (3) £:^M a &**©^-y^R«P^2 
itftif-7'2 5^il|it5^ ©3j&T?&5. 
[0 0 7 8] @2 4£#Rrt-5 ^-f N !?x/Nla©«S3l^if^7 , 2 

5^ig^-fa (s2i N 02 5 a) o roxm^s mimmmizisvzxTiy? 

S l tmm^(DX\ »»ftRW«r4fWi-*. 

[0 0 7 9] &V>t\ !)x^M a OS® 2 1 ^«Ji~5 (S 2 3. 0 2 5B) „ 
i©t#s StRl 5©JS$<H&J;tfif 3 0jim~5 0pmtt«K^5i 5 fcWfi'J 

[00 8 0] fra^l a©iftl 5 <Dft&\^ VaWrT-fE? 4 ^ 5 

'?XmM&&Mi$c l S&1&f&~fZ> (S2 5 N 0 2 5C) „ j^T N ^i^la©W 
»«S2 1|: N x^-?yKf^2 3&g*t§ (S2 7 % 02 6A) . 

r tt h (Dante, ^ntiii.m l fc^ i ^^cts^r-^^s 3 s 5 1 
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[0 0 8 1] Jffiv^X. ^^x/-?^ Fr^2 3&#5S£i2:;5r ttc£!9, mm 
&£M%£ 8 blsX?=.^l a £»:<^ y r/fltgfcS- 2 4 ^•goif-r 3 

i@^<D^^^^2 4 ^EVM^fli (S29, ®2 6B) „ r©i 

m^tL^Ty^S 2 3^^V>T£fel 5 ^3fe^^^< J: 5 ^Wfi'J Lfc 

®mMMmWZ8$:M&k LT^iaI a ^ijUir^So LX, ^^r^^vK^ 
-7°2 3£^l££#3S£^5r «9»(^^s/^|f|5^2 4<DK^f B 1|5i2 

[0 0 8 2] i^X N ^18^-^2 5 iZ.mfl-m*mMls (S3 1 N IH2 6C) „ 
10 fiMSx — /2 5^^^^! a ©Sf®3^e>fS«ffl|-t-5 (S3 3 s 0 2 7) „ 

3lr#l$*!>xAl a WfSIg (S2 9) <DWl\Zft oX t> &V\ 
[0 0 8 3] 43ltt0ltZ>ffi3 l^—1f^PX*-^^*5V^XI4, _bx£ Lfcfg 1 HJS#iJ 

WriBj&tSJtfc 8 tr^Xt £ COX, w If 3fc L^i JS§& 4 OtRtfSSrBSJhi-S r 

£«l 5 rtStlDig^ 8 figf 5 r i t i 19. gjgr 

«I»f$Hfcl>a^M a Sr^lc^Ht-t-Sr^ 365X^5. tot, vLOl^-ifJUX 
20 ^JfefcitLtf^ a^^| f p4<| r ^-f-§^^ cfc v^Xfc^^^l a SrffifllF 

*fc§3Wfi-5ii:^X#« 0 
[0 0 8 4] ^fcs ^HJfeW^S W-lfjbJJX^ifetelfcV^Xf*, 1 a <D 

5^f<^5J;5|^xAl aC0»®2 1 SrWHlJ LXV<*3. iixtiot, 

25 s/Nl a Sr«HtH"*r. k&X%Z> 0 1 5 ^Jt^ift/fV^^Jt^X J; 

•9 3*^&< a S:£J»rt-S££asx#5o 
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[0 0 8 5] *3SJ(i0!fc:ff 5 v— if Jnx^fe^*3V^-cii, i a <d 

[0086] £fc *n»J^#s v-iFani^Sfci-ssv^Tfi, ^aho 

Mfatf&Zo — Jj, ^^yFf^2 3^#3l$t5^ I«l5^1ii2 

/n i a Sr§]||rfS - fc ^-e# 2> 0 
[0 0 8 7] 3=fc. *mMMlz&Z v-1f JPX^fe^*3V>Tf±, K 
f^2 3^{*§g^^:5r fctiD ?x/M a <D^<D^5/7°^^2 4 
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[0 0 8 8] (13 <D%MM) 

[0 0 8 9] H28tt, *mW&mz. <t S i — if APX^fe<^^ 3 HifeMSr^-T 
7P-ft-ft'fe5 0 ^H»Ji:Ji^b^l^»Jt^3i^ % (l) ^ 

5 T?W\ & 1 ^jSfi^J^T^ LfcHI 2 0 ~0 2 2 &#fi& L&tfSfcBfc0Ii-5 o 

[0 0 9 0] 0 2 8&mm-$-Zk, *i\ !>xAla©tffi3(«f-7'2 
5SrlS*i-* (S41, 0 2 OA) o Z^s^l aO||l 5 © F*3 N 

«Wr^3£9-f ^5fc»oT«J»fjBA«*8Sr^-t-5 (S4 3 N 0 2 OB) „ & 
^T^ ^x/n 1 a ©SI 2 1 i=3f7/-?y Kf 3 S-if f5 (S4 5 N 

io 0 2oc) o ^tib<Djim.fc, ^M*ti±&vtcmiMmM^3*i-fz>*Tvzfs 

[0 0 9 1] JftV^T, &»:r~-:7*2 5te**Mft«rllMtL (S4 7, 02 IB) s 
^S-T— 7*2 5&&*l/^1 aOZ&mSfabmmirZ) (S4 9, 02 1C) „ 

boxsfis ^fr^ti±7&^tc.minnm\z&i?z > x7-»,7's 9 rips 1 1 tm 

15 #fc<E>T% ffiftMBftRBQ Sr^B&i-S„ fcfc L s ^«^ijT^i^-^ 7x r ^ 3 3(:j; 
5^770TO^rtTt)^V^(DT% 0 2 lB^Lt/0 2 1C KLTj^tirCV^ftSH 8 

[0 0 9 2] g^T, =^^-^^<^ — 7*2 3 ^#55^^:^^ t\C <fc 9 N §3»f 
fi^SE 8 SrjS^i LTDx^la yrttft^ 2 4 teSJBrfS £ £ t> 

20 ^©^^^^2 4^av>^i|$^:5 (S51 N 02 2) 0 i<£>£ir N 

^mmxt±m^tzim2mmm<D «t 5 ^stE 1 5 stsk efbultv^v^-o, 

oidf *^*>- K^— :7*2 3 Sr#3S$^r-5r i Kl«fc53l35J&;ft£|fS2||iS#J£ ij fc* 
LTs ^^f^/N'^K^— 7*2 3Sr-t©**#§8$^:5r J: 
[0 0 9 3] !f JDX^ifeH:*5V^Tf± % Jb5zB Lifcf& 1 g^MM 
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[0094] ^fc s ■fcmwwMz ^-^MT^m^m^x^ ±m u/tiB 2 
mmm t mm^. k^-t° 2 3 zwmz^z ^tiztv^ ®mmM.m 

5 ®,8&m&b LT!)x/M a ?rlf Of y 2 4 f^SffS t t ^ 

sigh ^#^#2 4^5:v^^st-rsxai:^l5]B#{c^f 5 r t& 

[0 0 9 5] (JR4©HJfiM) 

10 [0096] @29it ^mmrnm^ «t 5 w—ffix^on 4 nwd^-t- 

7B-ft-fT-fc5 0 Jt^bfc^imfe^J^^iS^kf^ (1) S 

tE 1 5 <^5i5 I- /Su © 1 3. *^J-Cfl N 15 1 MMM 

^X^U/c|H2 0~|H2 2 t N fH2MHHM\CX^\^1tm 2 5 £ <£r#J$ Lft*S bffc 

15 [0 0 9 7] HI 2 9$r#KSi-S is !)x^l a0^ffi3l^lr-^2 

5?r^*-r^ (S61, HI 2 OA) □ JlOXgHu f l^lfil^it^^ryy 
S 1 tmmtf:<DX\ Ptt4»W*4fl&i-*- i^T. ^x/nI a®Iffi2 lSrflf 
(S63, HI2 5B) e r.OXg{i s f^HJfiW^frS^T^T'S 2 3 

20 mm^fe9J^5\z?£^xwm&MMi&8*mj&1r% (S65 N HI25C) . r. 

[0 0 9 8] j^T. !>x^l a©SS2 x^7.^y Kf-^ 2 3 Irg 

#b (S6 7, @20C) \ «>a:/M al!l^SrHlJn-rsr.^tJ:J;9«I»nBjfi« 
25 i$8 Cffiot^xAl a 2 4 KisUIDf U (S69, El 2 1 

A) N ^61^—^2 5fcL#0»ISl«:fiMtb (S 7 Is HI 2 IB) . rif-7'2 5 
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£r$7^^1 a ©*B3j&»e>SWHL (S73, 121 2 1 C) N ^^^^°^K^ — ^2 
3 &#K£-li:3r.£:lz:.fc 9s #3^1 a ©i^Of -7^t^2 4 ^rSLVM^gt 
£i2r3 (S 7 5, 02 2) „ rttb<©Xmfis ^-e^±^Ufcmi^M^*3 

its^x^^s 5~s i 3 £EJ#fc<zrc, f^aa^KWSrWi-s. fcfcU frM 

Mffl'Vt±*TyyS 6 3tC*5V^T!>3i^l a (£>SM 2 1 £#Fit'J LTV>5 <£>T\ S 
=Kl 5©ff£H:0 2 OC, 02 1A— 2 1C, M@2 2 $ HfcSt£ 1 5 £ 

(S 6 9) <2iiuMtToT^g:V\ 

[0 0 9 9] :£ISJfc0!lfc:#5 V— if *PX^tfetJ:*3V^Tr±s -hi* bfcfS 1 
^IrUHOSSI- <£ "9 . a^^gp4^^i-5m^l-*5V^-C't>^^^l a 

[oioo] *HJfe^^«5 ifiqx#Sn?tt N US i ^1609 £ 

LT^xai a&^#K»i-3-£/$ s -c*#;5o 
[oioi] £*Jh. ^W©l51t^tBX^3*ElfiWlJ:ov^-ci¥llB»tttW Lfcd$ N 

[0102] ±BUfc*J6»tt3tt«W6«fcteV^TW:aE«i: tt^i 

[0103] JMXfA^ Ufci5 ifflnx^rifci;: iWl to 
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jtufEAPX*f^fe£>tjO®r!^7 -Y o TpflB 1f3fc Alt®*»fe0r^EHfrtfli 
fcW»fiBjS«««r^b % BulSinx*f^©K®^#5W407^/wA$:^b, 
H(r«a§I»fje^^isBSr3B^fc bTfi«rSB*PX*f*4fe^§J»f$*L5 r. tic J; 
10 8fc©gB#$r % H^rlE#SW±O7^y^ASr#5S$^^Sia:{^:J;0^V^^llti-5X^ 

2. S^iu ttriBS«X(-^itbnfc^S^t^tpTO^^nx*j-^§r§] 

illfB*PX*f^^<^§]8lf r f-^7'f>'^?&oTHirlBV'— if^AJH-ffi^bFf^i^Plf^ 
Jc§J»na^«l«S:^ U fHSJnX^4feOllffi^#aH4©7 -f L N 

20 inx*j-jfe«jsr«*©as^tw§i»fb. mmwm$k<D-7^/u2*&w^£itz,z_tfc£ 

3 . t , tuIBS^Ji^^tt bHfc^Jf £|5 £ £^tfTOt£©;QPX;#i^£rijD 

»fi-5 l^-lfJPX^jfe-efcoT, 
mri5APX^^cDmfl5IIJl$Pil!l©*® ^f^^ w Sr^tf L> fi&fB*px*tfe 
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tulBApXM^^BfilBfIg^B!]0«®^^7 ^ ^A£r£§* U bijIB^PX^ 

mnmm* ^— if ^xtt® t \^xmm^m^m.(D^im^m^^^t>^:x 

BulB*PX^^O§]»f^^7 -Y v^f&oTfuia W-f5lfiAltS^ basest i*hio 

kcmm^MM^jf^ u tffi5>!jpx^#j<DaES^#ai'i4o^ ^ ^^^^ u 

Huia§3»f^^^^^ UX*filBiPX^#)^ir$tL5^i:^J: «9^b« 
m^^-^s BulE#5St4co^^/i-A^#§i^-^sr tic J; 9 51V n?: SHAH'S xm 
15 £4)1x5. «JX;£2feo 

5. Bul3^fr»SX^lS:^b^fc«ji^i:^tpTO^O^P 

jitt^M ^mm-r % 'if jqx^-c & o t % 

Strfa^px^fe^^o^^^ v^t&o -cfltriB v— if 3fcAM®^ bFf^saiiftlio 

^•g0!|ffj|2^i^^^ U mif5^PXM*#;o*ffi^#5i'tt^^ ^ ^ U 
ffrlB^PXM^i-^^PP^p-rs r t \z «t «9 Sul2§]|^i3^^^^^i: bTftIS 

25 ^MlEJPX^fe^(^frl2mm^§I5^?r^ffii- ; 5X^^#x.§. 1f*PX^ife 0 
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7. gjia^x^^^BulB^^^^^^i-SM^. mmMJiM^(Om 
mmm^m< £5 «t 5 ^BfriB^nx^-^OHulB^ffi^^Fffl-rSs i ~ 6 <n> 
vv-ffr^— mz.^m.<o i — if jinx^-^o 

8. H^JIB#^tt^^^/^-A?:H^rlB*PX^^l^-^*bfcm^ buIE^7-<^A 

<grl&*-T 5. 1**35 1~7 mv-fti^— ^IBiSs© v-if^nx^ D 

9. mW,W^®L<D7 j ^J*%Wm.$^Z> bfc£ <9 HtrlB^PX^^KDHiffB^ 
Ogp^^^BIL-fc^. fluiS^^^/^^I^^^s SJMS® 1 ~ 7 mvma^- 
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